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Preface
The hydrologic cycle describes the continuous trans-
port ofwater through the atmosphere and the different
zones of the subsurface. Through the hydrologic cycle,
waters in the atmosphere are linked with waters in
surface impoundments such as lakes and streams and
with ground waters in the subsurface. In its transport
through different zones of the subsurface, water is
stored in reservoirs called confined and unconfined aqui-
fers. Subsurface reservoirs represent important water
resources for drinking water, irrigation of crops and
industrial uses. In this issue, attention is focused
through case studies and field trials on human activities
and practices that have been carried out in different
zones of the subsurface and that have added constitu-
ents to subsurface aquifers that effect water quality.
Research programs are described that have been car-
ried out to understand the many processes that trans-
port and transform pollutants in the subsurface and to
develop methods of describing these many processes
with mathematical models. In the subsurface, water,
nonaqueous fluids, and dissolved constituents move
through both partially saturated and completely satu-
rated porous media, making this an exceedingly com-
plex transport situation to understand conceptually and
to describe mathematically.
In May 1987, experts in different areas ofwaterqual-
ity of the subsurface were asked to contribute articles
for this issue of Environmental Health Perspectives
that reviewed the present state ofknowledge and pro-
vided guidance on future directions ofneeded research.
Contributingauthorsaddressedtopicsthatcovered con-
tamination of both the partially saturated and com-
pletely saturated zones of the subsurface and covered
the following four broad categories: practices and ac-
tivities that lead to contamination ofthe subsurface by
chemical substances; methods for describing transport
mathematically and for calculating chemical concentra-
tions indifferent zones ofthe subsurface; processes that
transport and transform contaminants; and health im-
plications of contaminants in the subsurface. The 12
articles from nine different countries provide an impor-
tant sampling of papers that address the many issues
contained in each of these topic areas.
Worldwide, the increasing emphasis on monocultures
in agriculture has produced higher than normal levels
of nitrates, herbicides, and pesticides in both the un-
saturated and saturated zones. Case studies from
Czechoslavakia andthe Soviet Unionhaveexamined the
impact of this practice on nitrate levels in the subsur-
face. Efforts of State programs to monitor levels of
contaminants in groundwater systems and to establish
groundwater protection zones to prevent contamination
of vulnerable groundwater resources are reported.
Problemswithmodelingtransportmathematically, with
using laboratory studies to determine values for im-
portant transport variables, and with applying these
models and laboratory results to field situations are de-
scribed. High levels of nitrates, herbicides, pesticides,
and toxic metals have also been reported in the sub-
surface in many parts of Nigeria and other developing
countries and have been associated with agricultural
practices and other human activities.
For many years in industrial countries, chemical
wastes were disposed ofin the unsaturated zone ofthe
subsurface. In addition, large quantities ofliquid chem-
icals and fuels have been stored in metal tanks in the
unsaturated zone. Over a long time, chemicals from
waste burial sites and deteriorating storage tanks have
gradually released their contents to the unsaturated
zone. Eventually these chemicals migrate into the
groundwater zone creating many long-lasting contam-
inationincidences ofgroundwateraquifersthatare very
difficult situations to cleanup.
In developingmathematical models to describe chem-
ical transport, sets of mathematical equations are de-
veloped that must be solved simultaneously. Equations
must be written that describe transport ofchemicals in
the aqueous phase and the nonaqueous phase, partic-
ularily when describing transport in the unsaturated
zone of the subsurface or when there has been an oil
spill or leakage of gasoline or other water-insoluble
chemical into the subsurface. Several authors have de-
scribed the difficulties not only ofdescribing multiphase
transport in complex aquifers, but also the mathemat-
ical problems ofsolving these equations to give reliable
results. Not only are flow patterns difficult to describe,
but many ofthe processes are not well understood, and
mechanisms of action are incomplete. In this situation
where process rules and mechanisms of action are not
clearly defined, it is very important for the mathemat-
ical modeler to identify those components in the nu-
merical method that could cause the method to produce
erroneous calculations of important system dependent
variables such as chemical concentration, moisture con-
tent, and watertemperature. Without thisinformation,
the model is incomplete because the conditions when it
will fail have not been properly identified. Model failure
to predict concentrations accurately due to inadequate
or incomplete data is certainly a problem, but model
failure due to mathematically induced errors should notPREFACE
happen. Several authors have dealt with this problem
bydeveloping models to describe transport ofchemicals
in saturated flow and for describing multiphase flow as
would be experienced in the leakage of gasoline from
anunderground storage tank. Oneauthoralsodescribed
how mathematically induced errors can be minimized.
As discussed earlier, the mechanisms of many proc-
esses that transport and transform chemicals in differ-
ent zones ofthe subsurface are either incomplete or are
not well understood. Sorption of chemicals to different
solid substrates in the subsurface is an important pro-
cessthatretardstransport. The strengthofthe sorptive
interaction is a strong function of the molecular char-
acteristics ofthechemicalandthe solid substrate. Three
authors have written on sorption. One presents the
physical-chemical aspects of sorption; the second ex-
amines the molecular characteristics of humic sub-
stances in organic matter and the importance of these
substances in sorption; and the third presents a corre-
lation equation for the sorption coefficient that is based
on the molecular properties of the chemical.
Transformation ofchemicalsinthe subsurface usually
refers to degradation of the chemical into one or more
substances that are different from the parent com-
pound. The most important chemical transformation
process is hydrolysis and the most important biologi-
cally mediated transformations are oxidation or reduc-
tion ofthe parent chemical. Again, which mechanism is
appropriate is a strong function of the chemical char-
acteristics ofthe molecules, and for aromatic chemicals
includesthechemical characteristics andpositiqnofring
constituents. Transformations of chemicals are not al-
ways degradation reactions, however. One author de-
scribes how clay minerals have the capacity to catalyze
the polymerization of aromatic chenlicals, producing
molecules with greater molecular weights than the par-
ent chemical.
In summary, the authors who have contributed to
this issue of Environmental Health Perspectives on
groundwater quality have examined the present knowl-
edge on many important areas of groundwater quality
and have identified many areas needing additional re-
search. Certainly the topics that have been covered do
not represent the full scope of activities on chemical
transport inthe subsurface. However, theultimate goal
of research in the areas described is to provide under-
standing and methods that can be used to understand
how groundwater resources become contaminated, how
this process canbe prevented from happening, and once
contamination has occurred, how appropriate and ef-
fective remedial actions to cleanup the aquifer can be
developed.
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